Gliovirin, a new antibiotic active against Pythium ultimum, has been isolated from Gliocladium virens. The structure of gliovirin was determined by NMR, mass spectral, and X-ray crystallographic analyses. Gliovirin may be derived from L,L-phenylalanine anhydride, which was also isolated from G. virens.
The intensity of the P+1 (3.5%) peak and the P+2 (2.3%) peak and the fragment ions at m/z 448 (4%, P-32), and m/z 416 (17%, P-64) indicated the possibility of a disulfide group in the molecule. On silica gel plates, gliovirin gave a positive reaction when sprayed with AgNO3. Epipolythiodioxopiperazines give this reaction3). Disulfides, such as gliotoxin and related compounds, have been isolated from other Gliocladium species4,5). However, unlike gliotoxin which gives a base peak at P-646), gliovirin tends to lose both 64 and 65 amu to give peaks at m/z 416 (17 %) and m/z 415 (25 %), respectively. The intense peak at m/z 388 (79%) may arise by the loss of CO from the m/z 415 ion. This is a common fragmentation of diketopiperazines, but not of gliotoxin which contains an 2,5-epidithio-3,6-diketo group. A high resolution mass spectrum was not obtained because the sample rapidly decomposed at the temperature (360°C) required to volatilize it. However, an elemental analysis and the low resolution mass spectral data provided the formula C20H20N2O8S2, indicating 12 degrees of unsaturation. (4), it was evident that these oxygenated carbons were adjacent to one another.
Thus it was possible to make the chemical shift assignments and propose partial structure (5). In structure 5 it is assumed that the aromatic ring is derived from phenyalanine, and it is, therefore, connected by one carbon to the diketopiperazine ring. The disulfide group is assumed to bridge, in some manner, the diketopiperazine ring.
An isolated C-C double bond is also present in the molecule. The vinyl protons appearing at S 5.87 and 5.76 and the proton at 5 3.10 make up an ABX system with JAB=10.8 Hz (cis-substituted olefin), JAX=0 and JBX =2.0 Hz. This provides partial structure 6. Partial structures 5 and 6 with the disulfide bridge account for C13H9N2O5S2 ; unaccounted for are C7H11O3 and 3-degrees of unsaturation which must be in the form of rings.
Although additional information could be gleaned from the NMR spectra, it was not possible to unambiguously determine the remainder of the molecule, the attachment of the disulfide bridge, or the absolute configuration. A sample was therefore submitted for single crystal X-ray analysis. A crystal suitable for X-ray analysis was obtained from acetone. Gliovirin crystallized with one molecule of water.
A perspective view of gliovirin is given in Fig. 1 . 
(5) OCT. 1982 Intensity data were measured on an Enraf-Nonius CAD4 diffractometer equipped with a graphite crystal. A total of 2468 reflections were collected, of which 2374 were unique and not systematically absent. The structure was solved by direct methods. Using 220 reflections (minimum E of 1.54) and 1970 relationships, a total of 32 phase sets were produced. A total of 8 atoms were located from an E-map prepared from the phase set with probability statistics: absolute figure of merit= 1.34, residual= 27.80 and psi zero =2.140. The remaining atoms were located in succeeding difference Fourier synthesis. Hydrogen atoms were located and their position and isothermal parameters were refined. A refinement of the other enantiomorph showed clearly by a difference in R2 of 0.005 that the present enantiomorph is the correct one.
Gliovirin is probably derived from two molecules of phenylalanine. The disulfide group does not bridge directly across the diketopiperazine ring as in antibiotics such as gliotoxin (2). Gliovirin also contains an alkoxyamino group.
Using the X-ray crystal structure, both the 1H and 13C NMR spectra could be completely interpreted. The vinyl protons at 8 5.87 and 5.76 are strongly coupled to each other and each is weakly coupled to the protons at 5 3.10 (2.0 Hz), and 8 4.27 (<1 Hz), respectively. The X-ray analysis shows that the torsional angle between H-C(8)-C(7)-H is 37.0° and therefore these protons will show coupling; but the torsional angle between H-C(9)-C(10)-H is 88.9°, and therefore these protons will be only weakly coupled. This allows assignment of: C(8)-H 5 5.87; C(7)-H 5 3.10, C(9)-H 5 5.76, and Q11)-1464.27.
Double irradiation experiments confirmed these assignments, and showed that the proton at 5 4.27 also was coupled to the broad singlet at 3 5.50. Since this peak is exchanged with D,O it is assigned to the -OH group at C(10). This unusually strong coupling through the -OH group is caused by a slow exchange rate. Double irradiation experiments showed this slow exchange rate was caused by intermolecular hydrogen bonding with the N-H proton (8 9.03). This proton also showed strong coupling to the multiplet at 6 4.45; and this peak is assigned to C(2)-H. Similarly this coupling must result from the slow exchange rate. C(10)-H (5 4.27) coincidentally overlaps with the C(l1)-H and they appear as a broad singlet. The C(12) and C(2) protons appear as an AB multiplet at 6 4.43 and 4.45, respectively.
The protons on C (5) are coupled only to each other and appear as a broad singlet at 5 2.57. The phenol proton is found as a sharp D,O exchanged singlet at 5 9.56.
Unassigned peaks in the 13C NMR spectrum were identified by selective proton decoupling experiments, completely proton-decoupled experiments, and comparison with such model compounds as 3-cyclohexenol (7) and 3-cyclohexeneepoxide (8). The assignments are listed in 207 (14), 206 (56), 200 (11), 199 (71), 198 (27), 197 (26), 194 (13), 193 (12), 192 (28) 
